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(54) Titanium hydroxide, photocatalyst obtainable from the same and coating agent comprising 
the same 



(57) A titanium hydroxide is provided which can be 
utilized for producing a photocatalyst exhibiting a supe- 
rior photocatalytic activity by irradiation of visible light. 
The titanium hydroxide has a primary differential spec- 
trum (of radial structure function in connection with tita- 
nium K absorption edge) having maximal intensities (U, 
and U2) and minimal intensities (L^ and Lg) at interatom- 
ic distances in the range of from 1 .4 A to 2.8 A. the max- 



imal intensities being at an Interatomic distance of from 
1 .4 A to 1 .7 A and of from 2.2 A to 2.5 A and the minimal 
intensities being at an interatomic distance of from 1 ,9 
A to 2.2 A and of from 2.5 A to 2.8 A; and Index X cal- 
culated by the equation X = (Ug-Lg) / (U^-L^) of about 
0.06 or more. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a titanlunn hydroxide, photocatalyst obtainable from the titanium hydroxide 
and a coating agent comprising the titanium hydroxide. 

BACKGROUND OF THE INVENTION 

10 [0002] It has been researched that organic materials in water or NOx in air is decomposed and removed by a pho- 
tocatalytlc activity of photocatalyst such as a specific titanium oxide. In these days, it has been attracting an attention 
of researchers to decompose and remove such things using visible light as a light source in the point of general purpose 
and usage and it has been desired to develop a photocatalyst which exhibits a superior photocatalytic activity by 
irradiation of visible light. 

15 [0003] Heretofore, the titanium oxide which can be used as a photocatalyst has been produced by calcining a titanium 
hydroxide, which may be commercially available. However, there are problems such that the photocatalyst obtained 
by calcining the commercially available titanium hydroxide does not show a sufficiently high photocatalytic activity by 
irradiation of visible light. 

20 SUMMARY OF THE INVENTION 

[0004] Objects of the present invention are to provide a titanium hydroxide, which may be suitable as a raw material 
for producing a titanium oxide which exhibits a sufficiently high photocatalytic activity by irradiation of visit's light, and 
to provide a coating agent comprising the titanium hydroxide. Other objects of the present invention ar^ to provide a 
photocatalyst obtainable from the titanium hydroxide and to provide a simple process for producing a tdanium oxide 
which is suitable for photocatalyst usage. 

[0005] The present inventors have undertaken extensive studies on a raw material for such a titanium oxide which 
is suitable for photocatalyst usage, and have completed the present invention. 
[0006] Thus, the present invention provides a titanium hydroxide having: 

30 

(i) a primary differential spectrum of radial structure function obtained from an extended X-ray absorption fine 
stojcture spectrum of titanium K absorption edge, the primary differential spectrum having two or more maximal 
Intensities and two or more minimal intensities at interatomic distances in the range of from 1 .4 A to 2.8 A. at least 
two maximal intensities being at an interatomic distance of from 1 .4 A to 1 .7 A and at an interatomic distance of 

35 from 2.2 A to 2.5 A, respectively, and at least two minimal intensities being at an interatomic distance of from 1 .9 

A to 2.2 A and at the interatomic distance of from 2.5 A to 2.8 A, respectively; and 

(ii) index X calculated by the equation: 

40 X = (U2-L2)/(U, -L,) 

of about 0.06 or more, wherein U^ and Ug represent the maximal-intensity values at the interatomic distance of 
from 1 .4 A to 1 .7 A and at the interatomic distance of from 2.2 A to 2.5 A, respectively, and and Lg represent 
the minimal-intensity values at the interatomic distance of from 1 .9 A to 2.2 A and at the interatomic distance of 
^5 from 2.5 A to 2.8 A, respectively, of the primary differential spectrum. 

[0007] In addition, the present invention provides a coating agent comprising the above-mentioned titanium hydroxide 
and a solvent. ' 

[0008] Furthermore, the present invention provides a photocatalyst obtainable from the above-mentioned titanium 
50 hydroxide and a process for producing the photocatalyst by calcining the titanium hydroxide or subjecting the titanium 
hydroxide to a hydrothermal treatment in the presence of a solvent. 

BRIEF DESCRIPTION OF THE DRAWINGS 
55 [0009] 

Fig, 1 shows a radial structure function of anatase-type titanium oxide. 

Figs. 2 and 3 show the radial structure function of the titanium hydroxide, which was obtained in the present 
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invention (see, Exampte 1), and the primary differential spectrum thereof, respectively. 

Figs, 4 and 5 show the radial structure function of the titanium hydroxide, which was obtained in the present 
invention ( see. Example 2), and the primary differential spectrum thereof, respectively. 
^^^^ Figs. 6 and 7 show the radial structure function of the commercially available titanium hydroxide (utilized in Com- 

5 parative Example 1 ), and the primary differential spectrum thereof, respectively. 

Pigs* 8 and 9 show the radial structure function of the commercially available titanium hydroxide (utilized in Com- 
parative Exampte 2), and the primary differential spectrum thereof, respectively. 
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DETAILED DESCRIPTION OF THE INVENTION 



[0010] A titanium hydroxide of the present invention may be represented by the chemical fomnula Ti(OH)2, Ti(0H)3, 
Ti(0H)4 or H4Ti04, and may have a specific fine structure around titanium atom thereof. In the present invention, an 
extended X-ray absorption fine structure spectnjm of titanium K absorption edge of a titanium hydroxide is measured 
by X-ray absorption fine structure analysis (hereinafter, referred to as "XAFS"). Then, Fourier transform of the extended 
IS x-ray absorption fine structure spectrum is conducted to obtain a radial structure function of the titanium hydroxide. 
The radial structure function is then differentiated to obtain a primary differential spectrum thereof. The primary differ- 
ential spectrum thus obtained can be used as an index that shows a fine stmcture around titanium atom of the titanium 
hydroxide. 

[0011] The titanium hydroxide of the present invention has a primary differential spectrum which has two or more 
20 maximal Intensities and two or more minimal intensities at interatomic distances In the range of from 1 .4 A to 2.8 A. 
Among these Intensities, at least one maximal intensity is at an interatomic distance of from 1,4 A to 1.7 A, at least 
one maximal intensity is at an interatomic distance of from 2.2 A to 2.5 A, at least one minimal intensity is at an 
interatomic distance of from 1 .9 A to 2.2 A and at least one minimal intensity Is at the Interatomic distance of from 2 5 
A to 2.8 A. 

25 [0012] In addition, the titanium hydroxide of the present invention has index X calculated by the equation: 

X = (U2-L2)/(U, -L,) 

30 of about 0.06 or more, wherein and Ug represent the maximal-intensity values at the interatomic distance of from 
1 .4 A to 1 .7 A and at the interatomic distance of from 2.2 A to 2.5 A, respectively, and and represent the minimal- 
intensity values at the interatomic distance of from 1 .9 A to 2.2 A and at the interatomic distance of from 2.6 A to 2.8 
A. respectively, of the primary differential spectrum. When a titanium hydroxide has index X of less than about 0.06, 
the titanium oxide obtained by calcining the titanium hydroxide In air tends to show insufficient photocatalytic activity 

35 by irradiation of visible light, even if the titanium hydroxide has maximal intensities at the interatomic distance of from 
1.4 A to 1.7 A and at the interatomic distance of from 2.2 A to 2.5 A and has minimal intensities at the interatomic 
distance of from 1 .9 A to 2.2 A and at the interatomic distance of from 2.5 A to 2.8 A in the its primary differential 
spectrum. A titanium hydroxide that has a larger index X is preferred. More preferably, the titanium hydroxide has an 
index X of about 0.1 or more. 

-to [0013] The titanium hydroxide in the present invention preferably has a maximal Fourier-transfomi value of radial 
structure function at an interatomic distance in the range of from 1 .5 A to 2.2 A, the maximal value being about 40 % 
or less based on the maximal Fourier-transfonm value of radial structure function of the titanium oxide having an anatase 
structure, white the radial structure function of the titanium hydroxide is obtained by Fourier-transfonn of the extended 
X-ray absorption fine structure spectrum (which is obtained with XAFS) of titanium K absorption edge of the titanium 

-^5 hydroxide. 

[0014] tn addition, the titanium hydroxide in the present invention preferably contains a sulfurcompound in an amount 
of from about 0.02 % by weight to about 30 % by weight, more preferably in an amount of about 0.1 % by weight to 
about 30 % by weight, in terms of sulfur atom based on the weight of the titanium compound obtained after calcining 
the titanium hydroxide in air at about 400 °C. 

(001 5] The titanium hydroxide in the present invention, which has the above-described fine structure around titanium 
atom, may be obtained, for example, in a process which comprises the steps of concentrating an aqueous solution of 
oxy titanium sulfate using evaporator at 95»C or lower to obtain a solid oxy titanium sulfate having a concentration of 
about 50 % by weight or higher in terms of T1OSO4 and adding a base such as an aqueous solution of ammonia 
(ammonia water) into the obtained solid oxy titanium sulfate under cooling to obtain the resulting titanium hydroxide 
55 In the mixture. The titanium hydroxide thus obtained may be separated from the mixture, and then is washed and dried, 
if necessary. The separation may be conducted by centrifugal separation, decantation, filtration or the like. The drying 
may be carried out using an air dryer, a media fluidized dryer, a static dryer or the like. Alternatively, the mixture con- 
taining the titanium hydroxide itself may be utilized without separation as a titanium hydroxide slurry after removing 
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impurities therein with an ion exchange membrane or an ion exchange resin. 

[0016] The titanium hydroxide In the present invention may be subjected to a mold processing. Examples of the 
shape of such a molded titanium hydroxide include particulate shape, fibrous shape, thin-layer shape and the like. 
Alternatively, the mold processing may be conducted to provide the titanium hydroxide with a specific surface shape 
in a method of dispersing a titanium hydroxide in a solvent such as water an alcohol and hydrogen peroxide to obtain 
a slurry, applying the slurry onto an uneven surface of a plate such as a metal plate and drying the slurry. By calcining 
the molded titanium hydroxide, a titanium oxide having a designated shape can be easily obtained. For example, when 
a fibrous-shaped titanium hydroxide is calcined, a fibrous-shaped titanium oxide is easily provided. When a thin-layer- 
shaped titanium hydroxide Is calcined, a thin-layer-shaped titanium oxide is easily provided. 

[0017] A coating agent in the present invention comprises the titanium hydroxide which has the above-described 
fine structure around titanium atom, and a solvent. 

[0018] The solvent in the coating agent Is not particularly limited. Prefen-ed are those which hardly remain as it is or 
in Its calcined form on the resulting titanium oxide obtained after calcining the titanium hydroxide. Examples of the 
solvent Include water; acids such as hydrochloric acid, nitric acid, sulfuric acid and oxalic acid; hydrogen peroxide; 
f5 bases such as ammonia, sodium hydroxide, potassium hydroxide; alcohols; and ketones. 

[0019] The coating agent of the present invention may contain inorganic compounds other than the titanium hydrox- 
ide, such as sitk:a. alumina, zirconia. magnesia, zinc oxide. Iron oxide, tungsten oxide, niobium oxide, titanium oxide, 
titanium peroxide, zeolite and molecular sieves, catelum phosphate; a dispersant; a binder; a polymW resin; and/or 
titanium hydroxides other than that of the present invention etc. as long as such compounds do not impair the photo- 
20 catalytic activity of the titanium oxide obtained after calcining the coating agent. 

[0020] The coating agent may be produced in a process which comprises the steps of dispersing the titanium hy- 
droxide (and the above-described compounds, if needed) in the above-described solvent to fomi a slurry or solution. 
[0021] The slurry comprising the titanium oxide and the solvent may be calcined to obtain a molded titanium oxide 
i.e.. a molded photocatalyst. 

[0022] A photocatalyst in the present invention may be produced by transferring the titanium hydroxide of the present 
invention. %vhich has the above-described fine structure around titanium atom, to a titanium oxide. The transferring of 
the titanium hydroxide to the titanium oxide may be conducted by a method in which the titanium hydroxide is catoined 
or by a method in which the titanium hydroxide is subjected to a hydrothennal treatment In the presence of a soh^ent 
(such as water, alcohols and aromatic compounds) to obtain a slurry of the resulting titanium oxide 
^ 30 [0023] In calcination of the titanium hydroxide, the temperature for calcining is not limited, as long as a titanium 

l^ti hydroxide is transfen-ed to a titanium oxide at -the temperature. The temperature may be about 300«C or higher pref- 

^^^^y ^^^^^ 350-^ or higher, and may be about 600-C or lower, preferably about 500X or lower. When the temperature 
of calcination is too high, the photocatalytic activity of the photocatalyst obtained afterthe catelnation tends to decrease 
A molded titanium hydroxide, which can be obtained by the molding process as descn-bed above, may be calcined to 
55 obtain a molded titanium oxide. ^iw.icu 

[0024] The calcination of the titanium hydroxide may be conducted using a current calcination furnace a tunnel 
furnace or a rotary kiln, etc. 

[0025] The photocatalyst in the present invention may be used by a method, for example, in which the photocatalyst 
and a liquid or gaseous material (i.e.. a material to be treated with the photocatalyst) are placed in a glass vessel or 
tube which is capable of transmitting visible light, and then are irradiated with visible light from a light source so that 
the material is oxidized or reduced and/or decomposed. The light source is not partteutarly limited, as k>ng as it irradiates 
light containing visible light having a wavelength of 430 nm or longer and/or ultraviolet light. Examples of the light 
r.m« ! ^^^'''^l^l'''^^^^^ •amp. a halogen lamp, a black light, a xenon lamp, a mercury lamp, a sodium 

larrip LED and the like. If desired, the light source may be equipped with an ultraviolet cut-off filler and/or an infrared 
^9 cut-off filter. 

[0026] An irradiation time with visible light is not particularly limited, and may be selected appropriately depending 

fnntl? * "^"^ ^ °* a '"^♦^"a' »o be treated with the photocatalyst 

[00271 As described above, the titanium hydroxide of the present invention can be utilized as a raw material for 
producing a photocatalyst which exhibits a superior photocatalytic activity by irradiation of visible light The photocat- 
a yst produced from the titanium hydroxide can decompose a variety of organic materials such as carboxylic acids 
aldehyde alcohols and aromatic compounds. The coating agent in the present invention makes it possible to easily 
apply the titanium hydroxide of the present invention onto a material such as a resin, a metal, a ceramics and a qiass 
as wen as to provide such a material with a high photocatalytic activity by calcination afterthe applying. In accordance 
with the process for producing a photocatalyst. it is easy to obtain a photocatalyst (titanium oxide) which exhibits a 
supenor photocatalytic activity with radiation of visible light. 

2!?^ The titanium hydroxide, the coating agent, the photocatalyst and the process for producing a piiclocatalyst 

IT J^^H ''TT' '^^^^""^^ *" Japanese application no. 2000-392261 . fhed on Decembe; 

25. 2000, the complete disclosures of which are incorporated herein by reference. 
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SL72^ TT"'*" "^i"^ '^"^ described, it will be apparent that the same may be varied in many ways Such 
vanations are to be regarded as within the spirit and scope of the invention anrf all «.,^h w J „ T 
apparent to one skilled in the art are intended'to be with^the si^nr2:;oinng c^^^^^^^^ ^ 

EXAMPLE 
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Radial structure function and primary differential spectrum: 
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Range 


Initial Energy 


Final Energy 


Step/eV 


Time/s 


Measurement Number 


1 


4600 


4950 


10.0 


1.0 


35 


2 


4950 


5000 


0.5 


1.0 


100 


3 


5000 


5050 


1.0 


1.0 


50 


4 


5050 


5500 


3.0 


2.0 


151 
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Sulfur content: 

S = So / W 
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Evaluation of photocatalytic activity of titanium oxide (or photocatalyst): 

[0037] In a sealed-type glass reaction vessel (diameter: 8 cm, height: 1 0 cm. volume: about 0.5 L). was placed a 
5-cm diameter glass Petri dish on which 0.3 g of a titanium oxide (photocatalyst) to be evaluated was placed. The 

5 reaction vessel was filled with a mixed gas having 20 % by weight of oxygen and 80 % by weight of nitrogen, was 
sealed with 13.4 urn of acetaldehyde and then was irradiated with visible light from outside of the vessel. The irradiation 
was carried out using a 500 W xenon lamp as the light source (trade name: Optical Modulex SX-UI500XQ, made by 
USHIO INC.) equipped with a 500 W xenon lamp (trade name: UXL-500SX, made by USHIO INC.), an ultraviolet 
cutting filter (trade name: Y-45, made by Asahi Techno Glass Co., Ltd.) cutting off ultraviolet light having a wavelength 

10 of about 430nm or shorter and an infrared light cutting filter (made by USHIO INC. , trade name: Supercold Filter) cutting 
off infrared light having a wavelength of about 830nm or longer. When the acetaldehyde in the vessel is decomposed 
by visible light irradiation, carbon dioxide is generated. The concentration of the generated carbon dioxide was meas- 
ured with passage of time using a photoacoustic multi-gas monitor (type: 131 2, made by INNOVA). With the generation 
rate of carbon dioxide, which was calculated by the change of the carbon dioxide concentration, the photocatalytic 

IS activity of the titanium oxide (photocatalyst) for acetaldehyde was evaluated. 

Example 1 

[0038] in a 1 -liter volume flask, 214 g of water was placed, and 120 g of titanium oxysulfate (manufactured by 
20 SOEKAWA CHEMICAL CO., LTD.) was added therein and mixed with each other while stirring, to obtain a solution. 
From the resulting solution, water was evaporated off with evaporator at 70^C to obtain a mixture having a concentration 
of 62.5 % by weight: in terms of TiOS04. The mixture was placed into a flask. Into the flask, 907 g of a 25% by weight 
of aqueous ammonia solution (special grade; manufactured by Wako Pure Chemical Industries, Ltd.) was added drop- 
wise over 10 seconds while cooling with a refrigerant at -30''C, thereby precipitating a solid. The solid was separated 
25 from the mixture by filtration, was washed with water and was dried at 70^C to obtain a titanium hydroxide. 

[0039] The radial structure function of the titanium hydroxide and the primary differential spectrum thereof were 
obtained and are shown in Figs. 2 and 3, respectively. 

[0040] The interatomk: distances at which a maximal or minimal Intensity is observed in the primary differential spec- 
trum; the maximal-intensity values and minimal-intensity values; and Index X are shown in Table 2. respectively. The 
30 maximal Fourier-transform value of the radial structure function at an interatomic distance in the range of from 1 .5 A 
to 2.2 A is shown in Table 3. In addition, sulfur content of the titanium hydroxide is shown in Table 4. 
[0041] The titanium hydroxide obtained above was calcined at 400°C In air for one hour to obtain a particulate titanium 
oxide. The photocatalytic activity of the titanium oxide was evaluated. As a result, the generation rate of cartx>n dioxide 
was 153.58 ^mol/h per gram of the titanium oxide. 

35 

Exanriple 2 

[0042] In a 300 ml volume flask, 60 g of water was placed, and 90 g of titanium oxysulfate (manufactured by 
SOEKAWA CHEMICAL CO., LTD.) was added therein and mixed with each other while stirring, to obtain a solution. 

40 From the resulting solution, water was evaporated off with evaporator at 70**C to obtain a mixture having a concentration 
of 59.2 % by weight in terms of T1OSO4. "T*^© mixture was placed into a flask. Into the flask. 414 g of a 25% by weight 
of aqueous ammonia solution (special grade; manufactured by Wako Pure Chembal Industries, Ud.) was added drop- 
wise over 8 seconds while cooling with a refrigerant at -30 ''C, thereby precipitating a solid. The solid was separated 
from the mixture by filtration, was washed with water and was dried at 70''C to obtain a titanium hydroxide. 

45 [0043] The radial structure function of the titanium hydroxide and the primary differential spectrum thereof were 
obtained and are shown in Figs. 4 and 5, respectively. 

[0044] The interatomic distances at which a maximal or minimal intensity value is observed in the primary differential 
spectrum; the maximal-intensity values and minimal- intensity values; and index X are shown in Table 2, respectively. 
The maximal Fourier-transform value of the radial structure function at an interatomic distance in the range of from 1 .5 
50 A to 2.2 A is shown in Table 3. In addition, a sulfur content of the titanium hydroxide is shown in Table 4. 

[0045] The titanium hydroxide obtained above was calcined at 400*^0 in air for one hour to obtain a titanium oxide. 
The photocatalytic activity of the titanium oxide was evaluated. As a result, the generation rate of cariDon dioxide was 
29.49 nmol/h per gram of the titanium oxide. 

55 Comparative Example 1 

[0046] Acommercially available titanium hydroxide (trade name: "a-titanium hydroxide", produced by Kishida Chem- 
ical Co.. Ltd.) was calcined without any treatment at 400*C in air for one hour to obtain a titanium oxide. The photo- 
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15 



20 



"^^^ evaluated. As a result, the generation rate of carbon dioxide was 5.1S vmoV 

n per gram of the titanium oxide. 

tmmLrlUfwf r' "!!"'"°" °' '''^ ^y^^™"'^^ calcination and the primary differential spec- 

trum thereof were obtained and are shown in Figs. 6 and 7, respectively. r «» «. ...a. apet 

[0048J The Interatomic distances at which a maximal or minimal intensity is observed in the primaiy differential soec- 
trum: the max.mal-.ntensity values and minimal-intensity values; and index X are shown in Tabr2 reStil^^^^^^^^^ 
rn^,mal Founer-transform value of the radial structure function at an interatomic distance in the fange oHrom 1 5 A 
to 2.2 A IS shown .n Table 3. In addition, a sulfur content of the titanium hydroxide is shown in Table 4 

Comparative Example 2 

1 ' V '^"""^'^ '■'^^''"^"^ ^' in air for one hour to obtain a titanium oxide Th^ohoto 

"^^^ '"teratomic distances at which a maximal or minimal intensity is observed in the priman, differential spec- 
trum; the maximal-mtenslty values and minimal-intensity values; and index X are shown in Table 2 resp^Svl T^e 
rn^^al Founer-transfom, value of the radial structure function at an interatomic distance in the fangroHr^m'l 5 A 
to 2.2 A « Shown .n Table 3. In addition, a sulfur content of the titanium hydroxide is shown in Table T 



25 



30 



35 



40 



45 





Example 1 


Example 2 


Comparative Example 1 


Comparative Example 2 


Interatomic distances at whicli a 
maximal intensity is observed 
(A) 


1.58 
2.39 


1.58 
2.38 


1.61 
2.39 


1.64 
2.54 


Interatomic distances at which a 
minimal intensity is observed (A) 


2.08 
2.69 


2.07 
2.66 


2.08 
258 


2.24 
2.76 


Maximal-intensity value at 
the interatomic distance in he 
range of from 1 .4 A to 1 .7 A 


8.11 


8.06 


8.97 


17.34 


Maximal-Intensity value Ug at 
the interatomic distance rn the 
range of from 2.2 A to 2.5 A 


1-10 


-0.02 


-1.23 




Minimal-intensity value at the 
interatomic distance in the range 
of from 1.9 A to 2.2 A 


-7.42 


-6.47 


-6.93 




Minimal-intensity value Lg at the 
interatomic distance In the range 
of from 2.5 A to 2.8 A 


-2.37 


-2.03 


-1 .97 


1.37 


Index X(=(U2-L2)/{Ui-Li)l 


0.22 


0.14 


0.05 
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55 





Example 1 


Example 2 


Comparative Example 1 


Comparative Example 2 


Maximal Fourier-transform 
value of the radial structure 
function at an interatomic 
distance in the range of from 1 .5 
A to 2 .2 A 


3.7 


3,7 


4.0 


7.6 
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Table 3 (continued) 





Example 1 


Example 2 


Comparative Example 1 


Comparative Example 2 


Relative value of maximal 
Fourier-transform value to 
that of anatase-type titanium 
oxide (=Ai / 9.5] 


39 


39 


42 


80 



Table 4 





Example 1 


Example 2 


Comparative Example 1 


Comparative Example 2 


Sulfur content Sq (% by weight) 


1.3 


0.006 


0.0032 


0.0049 


Weight W obtained after 
calcined the titanium hydroxide 
at 400^C in air in the same 
amount as used for measuring 
the sulfur content 


0.776 


0.803 


0.739 


0.794 


Sulfur content S [= Sq/ W] (% by 
weight) 


1.7 


0.0075 


0.0043 


0.0062 



Claims 

25 

1 . A titanium hydroxide having 

(i) a primary differential spectrum of radial structure function obtained from an extended X-ray absorption fine 
structure spectrum of titanium K absorption edge, the primary differential spectrum having two or more maximal 

30 intensities and two or more minimal intensities at interatomic distances in the range of from 1 .4 A to 2.8 A, the 

at least two maximal intensities being at an Interatomic distance of from 1 .4 A to 1 .7 A and at an interatomic 
distance of from 2.2 A to 2.5 A, respectively, and the at least two minimal intensities being at an interatomic 
distance of from 1 .9 A to 2.2 A and at an interatomic distance of from 2.5 A to 2.8 A. respectively; and 

(ii) an index X calculated by the equation: 

35 

X = (U2-L2)/(Ui.L,) 

of about 0.06 or more, wherein and U2 represent the maximal-intensity values at the interatomic distance 
40 of from 1 .4 A to 1 .7 A and at the interatomic distance of from 2.2 A to 2.5 A, respectively, and and L2 

represent the minimal-intensity values at the interatomic distance of from 1 .9 A to 2.2 A and at the interatomic 
distance of from 2.5 A to 2,8 A, respectively, of the primary differential spectrum. 

2. A titanium hydroxide according to claim 1 . wherein the titanium hydroxide has a maximal Fourier-transfomi value 
45 of radial structure function at an Interatomic distance in the range of from 1 .5 A to 2.2 A, the maximal value being 

about 40 % or less based on the maximal Fourier-transfomn value of radial structure function of the titanium oxide 
having an anatase structure. 

3. A titanium hydroxide according to claim 1 or 2, wherein the titanium hydroxide comprises a sulfur compound in an 
so amount of from about 0.02 % by weight to about 30 % by weight in terms of sulfur atom based on the weight of 

the titanium compound obtained after calcining the titanium hydroxide in air at about 400 **C. 

4. A coating agent comprising a titanium hydroxide as claimed in any one of claims 1 to 3 and a solvent. 

55 5, A photocatalyst obtainable by calcining a titanium hydroxide as claimed in any one of claims 1 to 3. 

6. A process for producing a photocatalyst, which comprises a step of calcining a titanium hydroxide as claimed in 
any one of claims 1 to 3. 
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7. A process for producing a photocatalysi. which comprises a step of subjecting a titanium hydroxide as claimed in 
any one of claims 1 to 3 to a hydrothennal treatment in the presence of a solvent. 

8. A material coaled with a titanium hydroxide according to any one of claims 1 to 3. a coating agent according to 
claim 4 or a photocatalyst according to claim 5. 

9. Use of a titanium hydroxide according to any one of claims 1 to 3 which has been subjected to calcination or to 
a hydrothermal treatment in the presence of a solvent, as a photocatalyst. 
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